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DESCRn>TTO>J 

Method of improving the output unifimniiy of a display device 

This invention relates to a method of improving the ou^ut uniformity of a display 
device, preferably a self ligjit emitting display device, and most preferably an organic 
light emitting diode based display device. The invention also relates to a system 
implementing the method aad to a display for use with said system. 

Recently, the mteiest for self light emitting display devices has been increasing. For 
example, self light emitting display devices, which utilises self H^t emitting materials, 
such as polymer or organic light emitting materials, have been found to be apofential ' 
substitute for other display types, such as Kquid crystal diqjlays or cathode ray tubes. 

Basically, a self Ught emitting display device, such as apolymer K^t emitting diode 
display or an organic Kght emitting diode displ^ comprises a pluraKty of pixels, each 

15 co°tainingselfKghtemittingmaterial,andadiivirigstmcture,for^lyinga 

current to the self Hght emitting material. Commonly, the device conges amatrix of 
pixels arranged on a substrate, such as a glass or polymer substrate. The matrix 
structures may essentially be sub-divided into two main groups, passive and active 
niatrix structures. In apassive matrix polymer or organic light emitting display, a layer 

20 of Hght emitting material is arranged between a row electrode layer and a column 
electi^de layer being intersecting (see fig 1) and thus formmgpixels. Typically, the 
display emission is controlled by means of data drivers, each controlling the current 
through a column. In an active matrix polymer or oiganic li^t emitting display (see fig 
2), each pixel of a pixel matrix is controlled by means of pixel driving circuit 

25 Moreover,eachcolumniscontrolIedbymeaiisofadatadrivingcircuit. 

However, aproblem wilh active matrix polymer hght emitting diode di^lays, usingp- 
Si thin fihn transistors is that variations of the characteristics of such transistors result in 
a random pixel-to-pixel variation of the brightness of the display, resulting m non- 



PHNL029014EP-P 

2- 



unifonnity of llie display output This variation is particulaily strong for the most single 
trans-conductance circuits, having two thin film transistors per pixel, in which a drive 
thin fihn transistor is used to convert an addressing voltage to a driving currrait 
Examples of such circuits are shown in fig 3 and fig 4. Therefore, this type of circuit is 
5 unsuitable for hi^-performance displays. However, for oflier reasons, the most simple 
trans-conductance circuits are preferred, since they provide a high pixel ^erture, may 
be addressed very quickly, even at low hrightaess levels and are also Ihe most simple to 
address, since they essentially may use estabHshed drivers, shnilar to the ones used in 
liquid crystal displays. To overcome the above problems would therefore be 
10 advantageous. 

An additional problem is that current generating data drivers for AMP(0)LED devices 
are not readily available at this point One reason for Ihis is again the requirement of 
M gh ntiilHm iitv: if any one of the driver outputs has a differe nt current va lue, this wm 

15 be mstantly recognisable as a bright or dark line running through Ihe display. For this 
reason, uniformity of the driver is even more essential than unifotmity of the pixels 
themselves, where Ihe randomness of the uniformity variations renders the visibility 
somewhat lower. One way to solve this problem that has been proposed is to use drivers 
of a self compensating current mirror type. However, this solution is complex and 

20 requires much space, and moreover, such drivers are slow to address and are less 
accurate at lower current levels, and they also require higher driving voltages, hence 
consumes more power. As an alternative, simpler and less compHcated drivers, such as 
a 2 TFT transconductance driver, may be used, but as mdicated above, they have an 
unacceptable non-uniformity. 

25 

Moreover, also in the case of a passively driven self Hght emitting display device, non- 
uniformity of the data driver output is a problem, in much the same way as described 
above. 
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Hence, a general method for improving or overcoming non-uniformity issues in display 
devices in general and in display devices in particular is desired, and an object of this 
invention is consequently to achieve such a method, overcoming flie disadvantages with 
the prior art; as indicated above. 

This and other objects is at least in part achieved by a method according to claim 1 . 
According to this method, the output uniformity of a display device is improved by; 
detecting a first emitted brigihtness of at least one pixel of display device; by means of 
the detected first brightness, determining the non-uniformity of an output of a driver 
circuit being connected with said pixel; and, based on said first detected brightness, 
generating a caHbration fector for the at least one pfacel, to be used to modify the ou^ut 
of the driver circuit; in order to improve the uniformity. In this manner, non-uniformity 
in the display emission, resulting &om variations in a single device characteristics 
which scales lineariy with the Hgjht ou^ut, maybe compensated for. By measuring the 
pixel ou^ut at different brightnesses, it is possible to distinguish uniformity variations 
firom different sources. Preferably, the method maybe used for self light emitting 
display devices, and more preferably for organic light emitting diode based display 
devices. 

More generally, several fectors will contribute to the non-uniformity of the display light 
output, including variations in the performance of transistors and other electrical 
components in the driving circuit, and also variations in the efficiencies of the Hght 
emitting devices themselves. Iberefore, according to a preferred embodiment of the 
invention, the method further comprises the step of, after detecting said first emitted 
brightness, adjusting an average display brig^itiiess, and thereafter detecting a second 
emitted brig^itness of said at least one pixel, and based on said first and second detected 
brig^itnesses, generating a calibration fector for tiie at least one pixel, to be used to 
modify tiie output of tiie driver circuit, in order to improve uniformity. In tiiis manner, 
non-uniformity in the display emission resulting from variations from more than one 
device characteristics may be compensated for. By measuring tiie pixel output at 
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different brightnesses, it is possible to distinguish uniformity variations from even more 
difiEerent sources. 

The step of detecting the emitted brightness of at least one pixel is suitably performed 
by means of an external imaging system. An example of such an external system is a 
5 CCD camera based system. Hence, a fabricated display is positioned under such an 
external imaging system, where after the display is calibrated by usmg the inventive 
method in order to improve the output uniformity of the display. Preferably, said driver 
circuit is one of a pixel driver circuit or a data driver dreuit, depending on the display 
construction. 

10 

According to a first preferred embodiment of the invention, said display device is a 
active matrix polymer or organic light emitting diode display device. In this case, the 
bri^xtness may either be detected individually for each pixel, or simultaneously for an 
■-__entireLj!QWjQrcQlunm of pixels, as will be further describe d below. However, accorfing 

15 to one embodiment of the invention, the step of detecting the emitted bri^tness of at 
least one pixel comprises the step of individually detecting the emitted brightness for 
each of a plurality of pixels, being a straight-forward application of the mvention on 
pbcel level. Alternatively, the step of detecting the emitted brightness of at least one 
pixel comprises the step of joinfly measuring the emitted brightness of a group of 

20 pixels, such as a column or a row of pixels, being commonly controlled by a common 
driving device. This embodiment has a number of advantages over the pixel level 
embodiment described above. First, column level compensation removes a more visible 
artefect, as is indicated above. Moreover, as stated above, less memory is required 
(about 100-1000 times less, representing the number of rows on a typical display and 

25 also smaller look-up tables is required, in embodiments using such tables. Furlber, fliis 
embodiment enables the use of more simple current driver circuits, smce the uniformity 
demands on such circuits may be lowered. Thereby, fester components, having a lower 
power consumption and/or a smaller size may be used. Furthermore, this embodiment 
maybe used for all brightness levels, as generating low output current values no longer 

30 requires low programming currents, which makes programming slow, but now may be 
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implemented by prograinimng only voltages, which is faster. In addition, this 
embodiment is also fester to implement, smce less data is to be loaded into look-up 
tables and so on. 

In order to fiirther improve the output unifiMmity of an active matrix display device, the 
mefliod may furfher comprise the step of aligning, in one of a column or a row of pbcels, 
all transistors of aU pixels in a direction, being the direction of a laser beam during a 
laser recrystallisation st^ during the febrication of said transistors. 



!is a 



According to another preferred embodiment of this invention, said display device 
passive matrix polymer or organic light emitting diode display device. In the same w^ 
as above, for the active matrix embodiment, the step of detecting the emitted brightness 
of at least one pixel suitably comprises the step of jointly measuring the emitted 
brightness of a group of pixels, such as a column or a row of pixels, bemg commonly 
controlled a common driving device. 

Also, said calibration fectors are preferably memorised in the driver circuit for the pixel, 
column or row, or in the display controller, by one of the methods; storing the 
cahT»ration fectors in a memory device, burning fuses on one of a transistor substrate or 
an additional driver integrated circuit, or laser trimming of one of a transistor substrate 
or an additional driver integrated circuit 

The above and other objects of the invention are also at least partly achieved by a 
system for calibrating a displ^ device, for improving the output uniformity of the same, 
comprising a unit for holding a display device to be caHbrated, an imaging system, 
being positioned so as to, when in use, detecting emitted bri^tness from the entire 
display device surfece of tiie display device, and a feedback system, for transmitting 
information regarding the emitted brightiiess back to the display device, tiie system 
being arranged to perform the inventive method described above. Preferably, the diq)lay 
device to used with the system is a self Kght emitting display device, preferably an 
organic light emitting diode based display device. 
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Also, the above and other objects of the invention are also at least partly achieved for 
5 use wMi a system as defined above. According to a preferred embodiment, the display 
device fiirther comprises a pluraHty of Ught emitting pbcels being arranged in a row and 
column structure, wherein either each column or each row of pixels being comiected 
with a data driver circuit, wherein each column or each row comprises an additional 
non-light emitting pixel, incorporating a current measurement device, for monitoring a 
1 0 relative change over time of an output signal from said data driver. 

The invention will hereinafter be described in closer detail, by means of preferred 
embodiments thereof with reference to the acconapanying drawings. 



15 Fig 1 is a schematic drawing of the basic configuration of a passive matrix polymer or 
organic light emitting diode display, essentially comprising a matrix of intersecting row 
and column electrodes, whereby a layer of polymer or organic Ught emitting material is 
sandwiched between a layer of row electrodes and a layer of column electrodes. 

20 Fig 2 is a schematic drawing of the basic configuration of an active matrix polymer or 
organic light emitting diode display. 

Fig 3 is a schematic drawing of a first current source circuit, that may be used in the 
display disclosed in fig 2. 

25 

Fig 4 is a schematic drawing of a second current source circuit, that may be used in the 
display disclosed in fig 2. 



30 



Fig 5 schematically discloses a basic explanatory system embodying the present 
invention. 
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Fig 1 schematically disclosesapassive matrix polymer or <»8amcKghtemi^^ 
5 ^teviceforwMchlhepieseirtinventioBmaybeusedlhthedisclosed 

polymer or organic light emitting display, a layer of light emitting material is arranged 
between a row electrode layer 8 and a column electrode layer 7 being intersecting (see 
fig 1) and thus forming pixels 5. 

10 Fig 2 schematically discloses an equivalent circuit diagram of apart of an active matrix 
polymer or organic lightemittingdisplaydevicel.forwhich tiie present invention may 
be used. This display device conqwises a matrix of (P) LEDs or (0)LEDs with m rows 
(1, 2,..., m) andn columns (1. 2,..., n). Where rows and columns are mentioned, it shall 
be noted that they may be interchanged, if desired. The device further comprises arow 
15 ««l«^«»<^tl6,connecledwithsaidrowsandadataregisterl5comiectedwit^ 
columns. Externally presented information 17, for example, a video signal, is processed 
m aprocessingunit 18 vMch, dependent on the information to be displayed, charges 
separateparts 15-1, ...l5-n of the data register 15 via supply lines 19. The selection of 
row takes place by means of the row selection circuit 1 6, via the row lines 8, in this case 
20 gate electrodes of transistors 22, such as TFT transistors, by providing them with the 
required selection voltage. Writing data takes place in that, during selection, data signals 
are provided from the data register 1 5, in this case in the form of voltage signals. During 
addressing, a capacitor 24 is charged to the level of flie data voltage via the transistors. 
This c^«citor determines the adjustment of the transistor 21 and hence the actual 
25 «"«^tthrou^theI£D20duringadrivingperiodandtheluminanceof&^ 

Synchronisation between the selection of rows 8 and the presentation of voltages to tiie 
columns 7 takes place by means of the processing unit 1 8, via drive lines 14. 

The basic idea behind the invention will hereinafter be described, followed by a number 
30 of preferred embodiments tiiereof. A basic exolanatorv sv«tem 
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invention is disclosed in fig 5, for illustrative purposes only. Here, a fiibiicated self Ught 
emitting display 1 is arranged to be adjusted in order to improve the output uniformily 
of the li^t-emitting elements of the display. The display device may for example be a 
passive matrix polymer or organic Ught emitting display, as described above and as 
5 schematically shown m fig 1, or an active matrix polymer or organic Ught emitting 
display (AMP(0)LED) as described above and as schematically shown in fig 2. 

The fihricated display device 1 is positioned under an external imaging system 2. This 
system may for example be a CX:D camera-based system, able to detect Ught emitted 

10 fix)m tiie display device 1. Thereafter tiie display device 1 is addressed in order to emit 
Ught. The addressing maybe done one pixel at a time, one column at a time or one row 
at the time, as will be further described below. The addressing is made by means of a 
driver circuit 3. The driver ckcuit may be a pbtel driver circuit, as disclosed in fig 5, 
(active matrix confi guration only), in w hich one driver circuit '^^'^^^jj"^ ®^^Pjf^^ 

15 of flie display device 3. Examples of such ckcuits are disclosed in fig 3 and fig 4. 

Alternatively, tiie driver circuit is a data driver circuit, (^Ucable for botii passive and 
active matrbc configuration), in which one driver circuit 3 is arranged for each pixel 
column of tiie display, to conti»l tiie column of pixels. In any case, aU driver drcuits of 
the display are connected witii a central processing unit/ a conttoUer unit of tiie display 

20 (not shown) being used to provide information to each driver circuit about what driver 
circuits is to be addressed at a certain time. 



However, in the exanqile disdosed in fig 5, one pixel of the display 1 is addressed at a 
time, whereby the pixel emits U^t, having a bri^tiiess depending on an output signal 4 

25 to tiie driving circuit 3. The emitted brightness fi»m tiie pixel is thereafter detected by 
tiie external imaging system 2, where after tiie detected brightoiess is fed back to the 
driver circuit 3 (or, alternatively, to a separate processmg unit, connected to tiie driver 
circuit), via a feedback unit 6. In the driver circuit 3 (or tiie separate processing unit), 
tiie detected brightiiess is compared witii a desired brightiiess for tiie output signal 4 in 

30 question, and the display non-uniformity of that specific output signal 4 may be 
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established by signal processing. Thereafter, if required, flie output signal 4, and hence 
Ihe emitted brightness is adjusted, and the above detection is repeated, one or more 
times. From the values obtained by those measuiements, the non-unifonnity of 
essentially each possible value of the output signal may be established by means of 
interpolation, and ftom these values, a caUbiation fector, adjusting each ou^t signal 
for achieving a desired pixel output is calculated. This cahTwation fector is thereafter 
stored in the driver circuit or in an associated circuit. This may be made by storing the 
calibration fectorinamemory or by adjustingthe hardware, for example by burning 
fuses or use laser trimming on the driver circuit or an associated circuit. 



10 



In order to achieve caHbration fectors for all pixels of the display, the above process is 
repeated for all pixels of the display, and in the case of a fuU-colour display, for each 
colour of the display. Alternatively, an entire display, i.e. all pixels of the display, may 
be addressed simultaneously with a calibration image, and in this case, the ou^ut of all 
15 pixels are measured simultaneously by fbe imaging system 2. 

The above method may equally weH be used on a column/row level. However in this 
case, an entire cohmm or row is addressed at once, and the integral brightness of aU 
pixels along the column/row is detected. The calibration fectors are in this case 
20 implemented in a data driver circuit, mstead of in the pixel driver circuit. Also in tills 
case, an entire display, i.e. all pixels of the display, may be addressed simultaneously 
with a cah-bration image, and in this case, the output of all columns/rows are measured 
simultaneously by the imaging system 2. 

25 Embodimflfif 1 

According to a first embodiment of to invention, ihe inventive method is inq,lemented 
atpixel level in a AMP(0)LED display. A febricated AMP(0)LED display is placed 
under an imaging system, such as a CCD catneia based system. The display is turned on 
so that the pixel that is to be studied emits light (the process is repeated for all pixels of 
30 the display that is to be studied. Alternatively, all pixels could be addressed at once, as 



PHNIj029014EP-P 

10- 



described above). The brightaess of the pixel is detennined, and the deteimined 
brightness is thereafter compared with a desired brightness for the given driving input to 
the pixel. By this comparison, a measure for the non-uniformity of the pixel circuit 
output is determined. Examples of situations where a correction based on this non- 
5 uniformity measure is sufficient are fax pixel driving circuits where only variations in 
the mobility of individual transistors define flie non-uniformity, or where the variation 
in the efficiency of the light emitting device itself is responsible for the non-uniformity 
of the display brightness. The above process is repeated for all pixels, and also for aU 
colours in a full colour display. 

10 

Subsequently, the measure of the non-uniformity of the pixel output is used to calculate 
a calibration fector, which is stored in a full firame memory in the display device, the 
memory being connected to the drive ckcuit of Ihe pixel. If desired, a look-iq) table may 

JhcLgen^a^ from the derived factors in order to derive calibrati on factors f or di fferent 

15 bri^taess levels. The calibration factors stored in Ihe memory, or the factors derived 
from the look-up table or an analytical fonction, as the case may be, is hereafter used to 
modify the input to the pixel driver in order to maintain uniformity in all pixels at all 
brightness levels. Signal processing approaches for such modifications are known in flie 
prior art 

20 

PmhnflitTnent 2 

According to a second embodiment of this invention, the inventive method is 
in5)lemented at pixel level in a AMP(0)LED display. A fabricated AMP(0)LED 
display is placed under an imaging system, such as a CCD camera based system The 
25 display is turned on so that the pixel that is to be studied emits K^t (the process is 

repeated for all pixels of the display tiiat is to be studied. Alternatively, all pixels could 
be addressed at once, as described above.) The brightiiess of tiie pixel is determined, 
and the determined brightness is thereafter compared with a desired brightiiess for the 
given driving input to tiie pixel. By tiiis comparison, a measure for the non-uniformily 
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of the pixel circuit output is determined. The above process is repeated for aU pixels, 
and also for all colours in a full colour display. 

Thereafler, the avemge display brightness is adjusted, where after the above process is 
repeated, andhence the pixel brightness is remeasured. The process may be repeated 
several times, if desired, each time measuring at a different brightness level. 

When measuring the pixel output at different brightnesses it is possible to distinguish 
uniformity variations ftom different sources. For example, for a transconductance pixel 

circuit, both TFT mobility (^)and TFT threshold voltage (VoO variations contribute t« 
the bnghtness of the pixel in different mamiers following the following relationship: 

15 In addition, non-uniformity resulting ftom variations in ti,e technology, or degradation 
of emitting devices may be eliminated ty extension of tiiis method to fiirflier 
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Subsequenfly, the measure of tiie non-uniformity of tiie pixel ou^ut is used to calculate 
a cahbiation fector, which is stored in a fidl ftame memory in tiie display device, tiie 
memory being connected to flie drive circuit of tiie pixel. Alternatively, tiie values of h, 
etc. may be stored in tiie memory. If desked, a look-i^ table may be generated from 
flie derived fectors in order to derive calibration fectors for dif^ent brightiiess levels. 
lUe calibration fectors stored in tiie memory, or tiie fectors derived from tiie stored 
25 parameters, a look-up table or an analytical fimction. as tiie case may be, is hereafter 
used to modify flie input to tiie pixel driver in order to maintam mnfomiity in aU pfacels 
at all brightiiess levels. Signal processmg ^roaches for such modifications are known 
in the prior art. 



30 Emboditnent ^ 
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This embodiment is similar to the one described under embodiments 1 and 2, but in 
embodiment 3 the calibration fectors are not stored in an additional memory. Instead the 
caUbration fectors are introduced to the pixel driver by means of burning fuses or laser 
trimming of con^onents. This maybe done on the p-Si substrate, but may alternatively 
5 be made on an additional driver circuit, or circuits, being connected to the pixel driver. 
The advantage of this embodiment is that it may be implemented at a comparatively low 
cost 

T;.TnVir>HiTnent4 

10 According to a fourth embodiment of this invention, the inventive method is 
implemented at data driver level in a AMP(0)LED display. 

A febricated AMP(0)LED display is placed under an imaging system, such as a CCD 
camera based system. The display is turn ed on so that Ifae P"^^^ coto feat is to be 

15 studied emits light (the process is repeated for all columns of "the display th^ is to be 
studied. Alternatively, all columns may be addressed at once, as described above.) The 
brightness of the entire pixel column is determined, and the determined brightness is 
thereafter compared with a desired brightness for the given driving ii^t to the cohmm. 
By this comparison, a measure for the non-uniformity of the date driver circuit ou^, 

20 resulting from a variation in a single device characteristic which scales linearly with the 
Ught output, is determined. Examples of situations where such a correction will be 
sufficient are for data driving circuits where only variations in the mobility of individual 
transistors define the non-uniformily. The above process is repeated for aU columns, 
and also for all colours in a foil colour display. By studying an entire column at once, 

25 flie effect of random brightness variation of individual pbcels is minimised. 

Subsequently, the measure of tiie non-uniformity of the pixel column ou^ut is used to 
calculate a caUbration factor, which is stored in a comparatively small memory (since 
only one caKbration fector is needed per column, instead as per pixel as in embodiment 
30 1) in the display device, the memory being connected to the drive circuit of the pixel 
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colunm. Alternatively, the values of n, etc. may be stored in the memory. If desired, 
a comparatively smaU look-up table, as compared to embodiment 1, maybe generated 
from the derived factors in order to derive calibration fectors for different brightness 
levels. The caHbration fectors stored in memory, or the fectors derived from the 
5 stored parameters, a look-up table or an analytical function, as the case may be. 
hereafter used to modify tiie input to the data driver in oider to maintain uniforLity : 
an columns at aU brightness levels. Signal processing ^roaches for such modifications 
are known in the prior art 



10 



15 



, are 

m 



As compared to the pixel level compensation, described under embodiment 1, the 
column level compensation describedunder embodiment 4 has a plurality of ' 
advantages. First, column level compensation removes a more visible artefact^ as is 
indicated above. Moreover, as stated above, less memory is required (about 100-1000 
times less) and also smaUer look-up tables are required, in embodimente using such 
tables. Further, this embodiment enables the use of more simple current driver dreuits. 
sincetheuniformitydemandsonsuchcircuitsmaybe lowered. Thereby, fester 
components, having a lower power consumption and/or a smaller size maybe used. 
Furthemiore, as explained above, this embodiment maybe used for all brightness levels, 
and it is also fester to implement, since less data is to be loaded into look-up tables and ' 



20 so on. 



25 



30 



Enibodiment 5 

According to a fifih embodiment of this invention, the inventive method is implemented 
at data driver level in a AMP(0)LED display. 

A febricated AMP(0)LED display is placed under an imaging system, such as a CCD 
cameiabased system. The display is turned on so that the pixel column that is to be 
studied emits light (the process is repeated for all columns of the display that is to be 
studied. Alternatively, all columns may be studied at once, as explained above. The 
brightness of the entire pixel colmnn is detemnned, and the detennined brightness is 
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thereafter compared with a desired brightness for the given driving input to the colimm. 
By this comparison, a measure for the non-uniformily of the pixel circuit output is 
determined. The above process is repeated for all pixels, and also for all colours in a full 
colour display. By studying an entire column at once, the effect of random brightness 
3 variation of individual pixels is minimised. 

Thereafter, the average display brigjitness is adjusted, where after the above process is 
repeated, and hence the pixel column brightness is remeasured. The process may be 
repeated several limes, if desired, each time measuring at a different brightness level. 

10 Measuring the pixel column ou^t at different brightnesses enables distinction of 
uniformity variations from different sources. For example, for a transconductance 
column driver, both TFT mobihty (p.) and TFT threshold voltage (VuO variations 
contribute to the brightness of the pixel in different manners following the same 
relationship as defined by equation (1). 

Subsequentiy, tiie measure of the non-uni£brmity of the pixel column ou^ is used to 
calculate a calibration fector, which is stored in a comparatively small memory (as 
compared to embodiment 1) in the display device, the memory being connected to the 
drive circuit of the pixel column. Alternatively, the values of m Vth, etc. maybe stored 

20 m tiie memory. If desired, a small look-up table may be generated from the derived 
fectors m order to derive calibration fectors for different brightness levels. The 
calibration &ctors stored m tiie memory, or the factors derived ftom the stored 
parameters, a look-up table or an amdytical function, as flie case maybe, is hereafter 
used to modify tiie mput to the data driver m order to maintain uniformity in all 

25 columns at all bri^rtness levels. Signal processmg ^»proaches for such modifications 
are known in the prior art. 

As conipaied to the pixel level con^ensaticm, described under embodiment 1, the 
colunm level compensation described under embodiment 3 has a plurality of 
30 advantages. First, colunm level conqiensation removes a more visible arte&ct, as is 
indicated above. Moreover, as stated above, less memory is required (about 100-1000 
times less) and also smaller look-up tables is required, in embodiments using such 
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tables. Furfher, this embodiment enables the use of moie simple current driver circuits, 
since the uniformity demands on such circuits may be lowered Thereby, faster 
components, having a lower power consumption and/or a smaller size may be used. 
Furthermore, this embodiment may be used for all brightness levels, as explained above, 
5 and it is also faster to implement, since less data is to be loaded into look-up tables and 
soon. 

Embodiment 6 

According to a sixth embodiment of this invention, the inventive method is 
1 0 implemented in a fiirther improved way at data driver level in a AMP(0)LED display. 

While embodiments 4 and 5 described above provides a lower cost implementation, it 
does not removed pixel-to-pixel variations caused by variations in the TFT 
performance. Bxan^les of driving circuits comprising TFTs are disclosed in fig 3 and 

15 fig 4. When manufacturing a TFT, details of the laser crystallisation step during the p-Si 
febrication process results in a difference in performance of the component, either along 
a laser scan direction or in the direction of a laser beam. In general, uniformity is higher 
along the laser beam and worse in its scan direction. Hence, according to the fourth 
embodiment of this invention, all drive TFTs for all pixels along a cohmm of the 

20 display is aligned in the direction of the laser beam. Thereby, the uniformity of the 
TFTs within the colunm will be as hig^i as possible, whilst the variation between 
different colunms will be large. The latter is however less important, as column-to- 
column variations maybe corrected using the approach described under embodiment 3. 
In this way, a display having an improved pixel-to-pixel uniformity may be achieved, 

25 without increasing the cost as coxtqpared to the method described under embodiment 3. 

Embodiment 7 

According to a seventh embodiment of this invention, the inventive me&od is 
implemented in an additional further improved way at data driver level in a 
30 AMP(0)LED display. 
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In an alternative to embodiment 3 and in the same spirit as in embodiment 4, all drive 

TFTs of a row in a display device may be aligned in the direction of Ihe laser beam 

during manu&cture of the TFTs. In this case, the uniformity of the TTTs witihin a row 

will be as high as possible, whilst the row-to-row variation will be large. In order to 

5 solve this problem, it is in addition necessary to determine a brightness calibration 

factor for each row of the display. This may be done in the corresponding way as 

defined mider embodiment 3, but instead investigating the integral brightness for each 

rqw. Thereafter, both the column calibration factor, as obtained in, accordance with 

embodiment 3, and the above-described row calibration &ctor are stored in the 

10 coiresponding way as in previous embodiments!. In this case, coluxmi data will be 

processed using the stored information of both the average row and column calibration 

&ctors, based on the stored row and column calibration fiictors. By this embodiment, a 

display with an improved pixeRo-pbcel uniformity may be achieved, having only a 

sUghHnc^ease of cos^^ con^ared to the approach suggested under embodiment 3. 

15 

Embodiment 8 

According to a ei^t embodiment of this invention, the inventive method is 
implemented in yet a further improved way at data driver level in a AMP(0)LED 
display. 

20 

In the embodiments 3-5 described above, column (and row) calibration factors are 
stored in an additional small m^ory. However, according to this embodiment, 
calibration may also be made by burning fuses or laser trimming of components, in the 
same way as is described imder embodiment 2 for the pixel level implemCTilation. This 
25 may be done on the p-Si substrate, but may alternatively be made on an additional 
driver circuit, or circuits, being connected to the data driver. The advantage of this 
embodiment is that it may be implemented at a comparatively low cost. 



30 



Embodiment 9 

All of the above embodiments address the problem of display uniformity at the start of 
the display Kfetune, i.e. during manufecture or shortly thereafter. However, degradation 




PHNL029014 EP-P 



10 



20 



25 



of p-Si TFTs during usage may introduce non-unifonmties as the display is used. In 
order to avoid thisproblem, a current measurement device may be added to each data 
driver. Preferably, this may be achieved by adding a dummy pixel to each cohmm, 
incorporating the current measurement device. The function of this cunent 
measurement device is to monitor any changes in the output of &e colmmi during the 
lifetime of the display. It shaU be noted that it is only necessary to monitor a relative 
change of the ou^t. ie. the difference between the current output and the initially 
measured ouftjut, as definedby the brig^xtness measurements perfonned at the start of 
the display lifetime, m accordance with any one of ihe above-described embodiments. 
The monitoring of the relative change should be performed occasionally, rather than 
constantly, in order to avoid distortion of the display operation and avoid causmg 
degradation within ihe TFTs of the measuring circuit itself Any monitored change in 
ihe output triggers an update of the calibration fector for the appropriate data driver, for 
exan5,le by calculating and staring the new caUhration value in the ^,propriate xxJrxory 
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Embnditn ent 10 

While the above embodiments are primarily focused on applying the present mvention 
on a AMP(0)LED display, this embodiment describes the inventive method as 
hnplemented at data driver level for a passive polymer or organic light emitting diode 
display (P(0)LED). 

Accordmg to flris embodiment, a fehricated passive P(0)LED display, mcluding final 
driver integrated cirxniits is placed under an imaging system, such as a CCD camera 
based system. The display is turned on so that the p«el coW that is to be studied 
emits Hght (theprocess is r^eated for all columns of the display that is to be studied 
Ahematively, all columns maybe studied at once, as described above.) The integral 
bri^taess along the complete column is determined, and the detemnned brightness is 
thereafter compared with a desired brightness for the given drivmg mpm to the column 
By this comparison, ameasure for the non-uniformity of the driver IC output is 
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detennined. The above process is repeated for all columns, and also for aU colours in a 
fiiU colour display. By studying an entire column at once, the effect of random 
brightness variation of individual pixels is minimised. 

5 Hiereafter, the average display brightness is adjusted, where after the above process is 
repeated, and hence the column brightness is remeasured. The process maybe r^eated 
several times, if desired, each time measuring at a different brightness level. 

Subsequently, the measure of the non-unifoimily of the column oulput is used to 
10 calculate a calibration factor, which is stored in a small memory in the display device, 
the memory being connected to tiie drive circuit of the pixel column. Alternatively, the 
values of m Yib, etc. may be stored in the memory. If desired, a small look-up table may 
be generated from the derived fectors in order to derive calibration factors for different 
bri ghtness levels. Alternatively, the caMbration factcOT m ay be "sto red" in the devic e by 
15 burning fuses or use laser trimming on the driver IC, in the corresponding way as 
described in tiie embodiments 2 and 6. 

The calibration fectors stored in fbe memory, or the fectors derived from the stored 
parameters, a look-up table or an analytical function, as the case maybe, is hereafter 
20 used to modify the input to the data driver in order to maintain uniformity in all 

cohnnns at all brightness levels. Signal processing ^roaches for such modifications 
are known in the prior art 



While this invention has been described in conjunction wifli specific embodiments 
25 thereof it is evident tiiat many alternatives, modifications and variations will be 

apparent to tiiose skilled in tiie ait In particular, whilst several embodiments have been 
described in terms of polymer or organic LED based self Ught emitting displays, flie 
invention is equally applicabte to otiier types of self light emitting display devices, such 
as field emission displays, plasma displays etc. and also to non-Kght emitting displays, 
30 for example light valve type displays such as Uquid crystal displays. Accordingly, tiie 
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preferred embodiments of the invention, as set fourfli herein, are intended to be 
illustrative, not limiting. Various changes may be made without departing from the 
sfpirit and scope of the invention as defined in the following claims. 
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CLAIMS 



1- A method of improving the output umfonnity of a display device (1), comprising 
the following steps: 

rdetecting a first emitted brightness of at least one pixel (5) of display device (1); 
-by means of the detected first brightness, determimng the non-uniformity of an 
5 output of a driver circuit (3) being connected with said at least one pixel (5); 

-based on said first detected brightness, generating a calibration &ctor for the at 
least one pixel (5), to be used to modify the ou^ut of the driver circuit (3), in order 
to improve the uniformity. 



10 2. A method according to claim 1, wherein said display device is a self light 
emitting display device. 

3. A method according to claim 1 or 2, wherein said display device is an organic 
light emitting diode based display device. 

15 

4. A method according to any one of the claims 1-3, fijrther comprising the steps of: 
-after detecting said first emitted brightness, adjusting an average display brightness, 
and thereafter detecting a second emitted brightness of said at least one pixel (5), 
and 

20 -based on said first and second detected brightnesses, generating a calibration factor 
for the at least one pixel (5), to be used to modify the output of the driver circuit (3), 
in order to improve uniformity. 
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S. A method according to any one of the claims 1-4, wherein the step of detecting 
the emitted brightness of at least one pixel (5) is performed by means of an extemal 
imaging system (2). 

5 6, A method according to any one of the claims 1-5, wherein said driver circuit (3) is 
one of a pixel driver circuit or a data driver circuit 

7. A method according to any one of the claims 1-6, wherein said display device (1) 
is a active matrix polymer or organic li^t emitting diode display device. 

10 

8. A method according to claim 7, wherein the step of detecting tibe emitted 
brightness of at least one pixel (5) comprises the step of individually detecting the 
emitted brightness for each of a plurality of pixels, 

15 9. A method according to claim 7 or 8, further comprising the step of alignings in 
one of a column or a row of pixels, all transistors of all pixels in a direction, being 
the direction of a laser beam during a laser recrj^itallisation step during the 
&brication of said transistors. 

20 10. A method according to any one of the claims 1 -6, wherein said display device 
(1) is a passive matrix polymer or organic light emitting diode display device. 

1 1 . A method according to any one of the claims 1-7 and 9-10, wherein the step of 
detecting the emitted brightness of at least one pixel (5) comprises the step of jointly 

25 measuring tibe emitted brightness of a group of pixels, such as a column or a row of 
pixels, being commonly controUed by a common driving device. 

12. A method according to any one of the preceding claims, wherein said calibration 
&ctors are memorised in the driver circuit (3) by one of the methods; storing the 
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calihiation factors in a memory device, burning fuses on one of a transistor substrate 
or an additional driver integrated circuit, or laser trimming of one of a transistor 
substrate or an additional driver integrated circuit. 

5 13. A system for catibrating a display device (1), for improving the output 

uniformity of the same, comprising a unit for holding a display device (1) to be 
calibrated, an imaging system (2), being positioned so as to, when in use, detect 
emitted brightness from the entire display device surface of the display device (1), 
and a feedback system (6), for transmitting information reg^ding the emitted 
10 bri^tness back to the display device (1), the system being arranged to perform Ihe 
melhod according to any one of the claims 1-12. 

14, A system according to claim 13, wherein said display device (1) is a self light 

©BtHffiSg"aisi^^^ 
15 device. 

15. A self light emitting display device (1) for use with a system as defined in claim 
13. 

20 16. A self light emitting display device (1) as defined in claim IS, wherein the 

display device comprises a plurality of lij^t emitting pixels being arranged in a row 
and column stmcture, wherein either each column or each row of pixels being 
connected with a data driver circuit, wherein each column or row comprises an 
additional non-light emitting pixel, incorporating a current measurement device, for 

25 monitoring a relative change over time of an output signal fix)m said data driver. 
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ABSTEtACT 

This invention relates to a method of improving the ou^ut uniformity of a display 
device (1), such as a self li^t emitting display device, comprising the following steps; 
detecting a first emitted Iwigjbrtness of at least one pixel (5) of said display device (1); by 
means of the detected first brightness, determining the non-uniformity of an output of a 
5 driver circuit (3) being connected with said at least one pixel (S); and based on said first 
detected brightness, generating a calibration &ctor for the at least one pixel (5), to be 
used to modify the output of the driver circuit (3), in order to improve the unifomsity. 

Fig 5 

10 
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